Out-of-hospital cardiac arrest is a common cause of death. Some therapeutic strategies performed daily are still debated, including particularly emergency coronary angiography independently of the clinical pattern. Primary percutaneous coronary intervention seems the strategy of choice in ST-segment elevation myocardial infarction but in other clinical presentations, benefit of coronary angiogram remains controversial. To improve management of out-of-hospital cardiac arrest and define the best timing to perform coronary angiogram, we suggest a study design based on ECG evaluation to define predictors of coronary artery disease after resuscitated cardiac arrest by distinguishing 3 groups according to ECG after resuscitation: ST segment elevation and LBBB; repolarisation disorder or no repolarisation disorder. Evaluation of ECG changes may still be useful as a triage method for establishing the indication for emergency coronary angiogram due to easy, non invasive and quick method and thus for limiting complications associated with this exam in acute phase.
Introduction
Out-of-hospital cardiac arrest (OHCA) is a common cause of death. The very low successful rates of resuscitation make sudden cardiac death (SCD) a major unsolved problem in clinical cardiology, emergency medicine, and public health. Each year, in United States, about 225,000 SCD are reported with an 8.4% estimated survival rate [1] [2] . Likewise, in Europe, number of sudden death is estimated at 275,000 people per year with a 10% survival rate [3] . While there is currently no large study available concerning incidence and etiology of OHCA, data obtained from different registries and small studies are heterogeneous related to variable inclusion criteria [4] - [7] . In France, data were mainly obtained from the PROCAT registry (Parisian Region out of Hospital Cardiac arrest) and the national registry REAC [8] and the incidence of sudden deaths reported was between 40,000 to 50,000 each year.
According to the guidelines [9] [10], the management of OHCA is currently invasive and interventional during both pre-and in-hospital care. However, some therapeutic strategies performed daily are still debated, including particularly the use of systematic hypothermia or emergency coronary angiography independently of the clinical pattern.
Hypothermia induced indications and methods, especially concerning the target temperature, are the subject of many current studies and controversies after OHCA [11] - [13] .
While coronary angiogram is mandatory in patients with resuscitated cardiac arrest and ST-segment elevation myocardial infarction (STEMI), current guidelines considered indications (class IIa Level B) of immediate angiography and possible primary Percutaneous Coronary Intervention (PCI) in survivors of cardiac arrest without ST-segment elevation on ECG but with a high suspicion of ongoing infarction [10] . Indeed, many clinical and post-mortem studies showed that the majority of OHCA was related to coronary artery disease (CAD) [14] - [17] but benefit of coronary angiogram in non selected OHCA remains controversial. Therefore, guidelines are currently based on the results of one study included only 9 patients with coronary occlusion without STEMI [16] .
Subsequently, many small studies have been performed with relatively disparate results. Anyfantakis et al. showed that ST-segment elevation on admission was an independent predictor of acute myocardial infarction with high positive (82.6%) and negative (83.7%) predictive values [4] . In the study published by Sideris et al., combination of ST-segment elevation and/or depression was an excellent predictor of acute myocardial infarction associated to OHCA with a high negative predictive value (96%). A combined criterion comprising STelevation and/or depression and/or left bundle branch block (LBBB) and/or non-specific wide QRS even shows a negative predictive value of 100% [18] . However, the study of Dumas et al. made from the PROCAT registry showed a much smaller negative predictive values of around 42% [5] .
Consequently, considering both the lack of data and controversial studies, indication of coronary angiogram is not clearly defined in OHCA except in obvious STEMI context where efficacy and reduction in mortality have been demonstrated with primary PCI [9] .
Coronary angiogram remains an invasive procedure with potential adverse effects such as bleeding, particularly at punction site, renal insufficiency, stroke, coronary dissection, rupture or occlusion. Furthermore, unnecessary coronary angiogram may be associated with a potential waste of time and delay of specialized and intensive management. To limit unnecessary and even harmful testing, it can be useful to evaluate to benefit/risk balance of coronary angiogram, in a population of patients with OHCA, with exclusion of evident non cardiac cause of cardiac arrest. Out of STEMI setting with typical ECG changes, detection of predictors of significant coronary lesions potentially implicated in initial cardiac arrest may be useful in order to guide indication and time (immediate vs delayed) of coronary angiogram.
We therefore suggested the CASCAD study (Is Coronary Angiogram Systematic after Cardiac Arrest resuscitateD?) with the main objective to evaluate indication and best delay to perform coronary angiogram after a resuscitated cardiac arrest.
Study Hypothesis
Although the diagnostic value of the ST-segment elevation is uncertain in the OHCA setting, we hypothesised that ECG changes may still be useful as a triage method for establishing the indication for emergency coronary angiogram. Thus, we defined 3 groups of patients: ST segment elevation, repolarisation disorders without ST segment elevation and normal ECG.
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Methods
This study will be performed in 2 interventional university hospitals of Montpellier and Nimes (France), with collaboration of emergency mobile units and regulation.
Each interventional center has a 24/24 hours and 7/7 days available catheterization lab and specialized intensive care units where patients could be treated after successful resuscitation.
Study Population and Patient Selection
All consecutive patients admitted in catheterisation lab after resuscitated cardiac arrest will be eligible to this prospective observational registry.
Inclusion Criteria
• Patients aged ≥ 18 years.
• Resuscitated OHCA and admission in catheterization lab for coronary angiogram whatever initial ECG.
Exclusion Criteria
• Patients with an obvious non-cardiac cause of OHCA.
• OHCA complicating acute disease diagnosed before the cardiac arrest.
• Contra-indication to coronary angiogram for medical or ethical implications.
Data Collection
Clinical and laboratory data will be obtained from hospital reports, electronic medical records and laboratory reports. All available ECG will be collected and analyzed by two independent experts to define the 3 groups of patients. All angiographic data will be collected and all examinations will be reviewed by 2 experts in interventional cardiology in a double blinded manner. In case of disagreement, a third expert opinion will be requested.
All data collected are represented in Table 1 .
Study Design and Experimental Protocol
For this study, 3 groups were defined in according to ECG after resuscitation:
• Groupe 1: ST segment elevation and LBBB ST-segment elevation is considered significant if present in two contiguous leads with the cut-points: ≥0.1 mV in all leads other than leads V2-V3 where the following cut points apply: ≥0.2 mV in men ≥40 years; ≥0.25 mV in men <40 years, or ≥0.15 mV in women [19] . LBBB is defined as QRS duration >120 ms with QS or rS pattern in V1 and broad R waves in lead L, V5 and V6 [20] .
• Groupe 2: repolarisation disorder (ST segment depression, T waves changes)
ST segment depression is considered significant if ≥0.05 mV in two contiguous leads [19] . T waves changes are defined by T inversion ≥0.1 mV in two contiguous leads [19] .
• Groupe 3: no repolarisation disorder: (normal ECG, RBBB without other significant changes, isolated atrioventricular block, supraventricular arrhythmia without other significant changes) RBBB is defined as QRS duration >120 ms with rSR' complex in V1 V2 and S wave in lead L and and V5 V6. Angiographic results will be analyzed in each group to evaluate the incidence of coronary stenosis and/or occlusion potentially involved in the cardiac arrest and to define predictive factors of acute CAD.
The study design is represented in Figure 1. 
Perspectives
According to the results of this first study, we plan to perform a multicentric randomized trial testing immediate coronary angiogram versus delayed coronary angiogram in patients selected according to ECG patterns. This study protocol could be represented as in Figure 2 .
Discussion
Despite very low data, primary PCI seems the strategy of choice in STEMI complicated by OHCA with probable 
Clinical Pattern
Cardiovascular risk factors
Medical history positive risk/benefit balance in small studies [21] [22] . In the absence of ST segment elevation, coronary angiogram is widely recommended and guidelines are only based on an initial study published in 1997 by Spaulding et al. showing that absence of ST segment elevation was not predictive of absence of culprit coronary lesions. In this study, only 9 patients had coronary occlusions without STEMI. However, the study design and low population did not suggest a relationship between coronary damage and cardiac arrest in patients with multiple cardiovascular risk factors and a high prevalence of CAD. Indeed, ECG changes may still be useful as a triage method for establishing the indication for emergency coronary angiogram due to easy, non invasive and quick method. It seems necessary to evaluate predictors of CAD after resuscitated cardiac arrest to improve management of patients and diagnosis procedures. Group of patients who really benefit from emergency coronary angiogram must be defined and evaluation of ECG after resuscitation could be an appropriate method although further investigations are required.
